and hair of the animal. Some of the new organophosphorus insecticides appear to possess these properties. Dieldrin is no longer being sold as a sheep parasiticide. Residue data are required for all new products.
To demonstrate the impact on the productivity of agriculture of the use of pesticides and herbicides with other changes in farm practice, Metcalf (1965) quotes statistics which indicate that the output of food and fibre per individual American farmer rose from 6-9 persons in 1900 to 15 4 persons in 1950 Those of us who are called upon to give an opinion about the safety of agricultural chemicals follow what has become a conventional procedure (FAO/WHO 1964) . First, we want to know exactly what the substance is, physically and chemically. The organochlorines are very stable, being resistant to both chemical and biological degradation, and, further, they are scarcely water-soluble, though they readily dissolve in lipids. These features, in the main, account for their outstanding persistence.
Secondly, we like to investigate their uptake by, and subsequent fate in, the body. Overall, the organochlorines gain access to the body by various routesoral, percutaneous and inhalationand, once in, they are reluctant to leave, being retained by lipid storage. The accumulation is not indefinite, however; given a steady intake, there is a so-called 'plateau-effect' of body load.
Thirdly, we seek some enlightenment on acute toxicity. In man, overdosage is characterized by central nervous system stimulation, with headache, muscle fibrillation, anxiety, convulsions and coma (Hayes 1963 , Zaron 1964 . Where survival ensues, no lasting stigmata can be detected.
We are also preoccupied with any disorders that may accompany prolonged intake at lower levels. Thus, certain doses of DDT can be given almost indefinitely in the diet of the animal, without any significant demonstrable effect, either during life or post mortem. Yet, in some instances with rats, small cytoplasmic changes can be found in the liver cells. They are not always present and, on withdrawal of the chemical, they are reversible. Whatever their significance, they are hardly to be regarded as arrestingly ominous. Thus it is accepted that there is for DDT a maximum no-effect dietary level. In the rat this is 1 ppm, equivalent to a daily intake of 05 mg per kg body weight.
But with aldrin and dieldrin we find that longterm feeding in animals, even at quite low rates of intake, is very often accompanied by histological changes in the liver. These are seen in mice, rats and dogs. In short, a maximum noeffect level for these chemicals has not so far been arrived at. Even so, the meaning of these liver reactions is still far from clear. Few who are well versed in cancer microscopy are prepared to designate what they see as neoplastic, or even pre-neoplastic. A doubt nevertheless remains. The same suspicion, perhaps less well founded, may linger for some of the other organochlorines as well. If, however, there is one other member of the series that seems to have passed all its trials without attracting adverse comment it is probably lindane.
We are left, therefore, with the conclusion, that these organochlorine compounds may be capable, in sufficient dosage and after prolonged intake, of causing hepatic derangement. The possibility that there may be lower levels of intake which, even throughout life, are without any detrimental effect remains to be resolved. And it should be borne in mind that the quantities fed to animals, minimal as they may seem, are yet substantially in excess of the amounts likely to be taken up by man.
None of these chemicals is purchased or used simply for the sake of devilry. In agriculture and public health they are capable of conferring enormous benefits. We have to strike a balanceto use these substances to the best advantage whilst limiting exposure as far as we possibly can. How far can this be achieved?
First there are the handlers and the operators. At the production stage it is essentially a question of industrial hygiene. Mistakes have been made in the past, but this is something to which enormous care is now applied. Even so, personnel do become contaminated. Yet over the past ten to twenty years, careful scrutiny of those affected by organochlorine compounds has failed to reveal any lasting damage. At times acute poisoning has occurred. But no permanent liver damage, or brain, or nerve changes have so far been found. Carcinogenesis may be more delayed; it will certainly be kept in mind. Similarly, those on the land, about the warehouses, in the malariainfested zones are, despite a measure of protection, more exposed than the rest of us. In them, monitoring has failed to disclose the slightest cause-effect associations.
A much more delicate aspect is the possibility of risks to the consumer. In all our food, it is alleged, there are residual amounts of these chemicals which persist because of their stability. Unfortunately, reliable data about the actual residues in our diet generally are deplorably lacking. Only recently have the so-called 'marketbasket' type of surveys been instituted, in the United States and in this country. On the few occasions when foodstuffs as supplied to the consumer have been subjected to analysis, the residues disclosed have been reassuringly small. Secondly, it is asserted that though the residues may be minute, they are yet sufficient to contribute to enormous build-ups of organochlorine compounds in our bodies. Human fat analyses carried out in various countries of the world, including Britain, lend but little confirmation to this. The thought of a load of foreign chemicals in our bodies is not conducive to tranquillity of mind. But are the quantities really so immense -DDT equivalents ranging from 02 to 8-5 ppm, total BHC from a trace to 1-0 ppm and dieldrin from a trace to 0 9 ppm? And is there any indication, by any meaningful criteria that we care to employ, that we are suffering at all from their presence ?
Perhaps there may in time be some adverse effect; I cannot prophesy. I think if we are fair and scientifically minded we must say that, to date, there is not one iota of substantiated evidence that man has suffered any chronic toxicity at all from organochlorine residues in food.
Not that this exhausts the various sources of exposure. There are, besides, the moth-proofing of clothes and carpets, the insecticidal vaporizers, the fly sprays and so on in our homes. These are at present being investigated.
To summarize, then, I consider that the organochlorine pesticides are valuable aids in growing food, in combating disease and in making our lives more comfortable. If there are ways of employing them without risk to life and health they have a valuable part to play in furthering our existence. On the other hand, we realize that these compounds are by no means devoid of toxic potentialities. Animal work and some human experience has demonstrated this. Pragmatically we can: (1) Accept only those pesticide usages that are considered to be essential.
(2) Endeavour, in practice, to keep the sources of human exposure to a minimum. (3) Continue to monitor the population, year by year, for the fat load of organochlorines that they carry and, if this should rise, mount an enquiry, and act accordingly. (4) Maintain, so far as possible, our clinical, pathological and epidemiological surveillance over people generally, but more especially over those at extra risk. (5) Not be stampeded into a universal ban.
Dr C G Hunter (Shell Research Ltd, Sittingbourne, Kent) I should like to amplify Dr Goulding's paper by reporting upon the body burden of the organochlorine pesticides of the human population of the UK in terms of dicophane (DDT) and dieldrin (HEOD), since it is my belief that the body burden of these materials is the best information we have on the likelihood of intoxication. Owing to their lipophilic nature the body burden may be estimated from the concentration of the compounds and their derivatives in the lipids of organs, tissues and body fluids. Except for HEOD, the concentrations found at intoxication are unknown, but several hundred parts per million of DDT-derived materials may be present in human adipose tissue and compatible with good health. The concentrations of HEOD found at the time of intoxication (from dieldrin) are >44 ,ug/g for subcutaneous fat and >15-20 pg/100 ml for whole blood (Brown et al. 1964 ).
Since the concentrations of HEOD in fat and whole blood are directly related (Fig 1) , analysis of whole blood will indicate the body burden of HEOD as well as does that of biopsy and autopsy material. This test has been of great value in the appraisal of the industrial hygiene in plants manufacturing aldrin and dieldrin and
